Objective: Because of known significant seasonal fluctuations of iodine concentration in cow's milk (ICM) in Switzerland (winter=summer (w=s) ICM ratio averages 5.6), we looked for seasonal variations and familial aspects in urinary iodine and sodium concentrations (UIC, UNaC). Design: Prospective sequential cohort investigation. Setting: University hospital. Subjects: Thirteen children (six girls, seven boys) aged 3 -10 y and their parents (n ¼ 9) aged 30 -47 y. Interventions: The volunteers collected 1729 spot urine samples (5.1996 -5.1998). UIC data from winter (UIC w : DecemberFebruary) and summer seasons (UIC s : July -September) were compared with UNaC and average milk consumption. Iodine intakes from milk and salt were modelized. Results: Highest seasonal fluctuations of UIC were found in six pre-school children (w=s UIC group average ¼ 1.56, significant), followed by seven school children (w=s UIC group average ¼ 1.24, N.S.); none existed in adults. UIC=UNaC showed corresponding seasonal fluctuations in children, but not in adults. Winter milk was an important iodine source for children, as proven indirectly by similar seasonal fluctuations of ICM, UIC, UIC=UNaC and an important part within UIC due to milk. Conclusions: Contribution to UIC from milk intake during winter was high in children (40 -50%) and lower in adults (about 20%). Compared with children, dietary habits of adults are more complex and their iodine supply depends mainly on iodized salt and not on milk, so the effect of seasonal ICM variations on UIC is less marked. Because of significant seasonal UIC fluctuations in consumers of fresh milk products in Switzerland, results of future UIC studies conducted during summer and winter seasons should be compared cautiously, especially in young children. Furthermore, consumption of milk is to be promoted, since, besides calcium and vitamins, it is an essential source of iodine. UNaC determination should be included in epidemiologic studies if the dietary source of iodine is questioned. Sponsorship: This work was supported by grants from the University Hospital in Bern, the Swiss Federal Office of Public Health, the 'Swiss National Foundation for Scientific Research' (32-49424.96), the 'Fondation Genevoise de Bienfaisance V Rossi di Montelera', the 'Schweizerische Lebensversicherungs-und Rentenanstalt' and the 'Schüpbach Foundation of the University of Bern'. European Journal of Clinical Nutrition (2003) 57, 636 -646. doi:10.1038=sj.ejcn.1601590 Keywords: iodine; season; milk; child; diet; salt *Correspondence: C Als, Division of Clinical Chemistry, Inselspital, University of Bern, CH-3010 Bern, Switzerland. E-mail: claudine.als@insel.ch Guarantors: C Als, B Zimmerli and M Haldimann. Contributors: CA had the initial idea, wrote and coordinated the project over several years. CA and BZ wrote the manuscript. MH and BZ did the calculations and the statistical evaluations. MH did the analyses of urinary iodine in his laboratory. All contributors helped in planning the study, evaluating the results and critically reading the manuscript.
Introduction
The main source of dietary iodine may vary considerably between different countries as well as between different areas of the same country (Koutras et al, 1970; Cordido et al, 1992; Pennington, 1990) . For instance, seafood and seaweed are good sources of iodine in coastal regions. Milk has recently been shown to be an important source of iodine in the UK (Langford et al, 2000; Anonymous, 2000) and Germany (Jahreis et al, 2001 ). Due to the dough conditioner iodate, bread still appears to be a relevant, albeit decreasing, iodine source in the USA (Hollowell et al, 1998) , where the use of erythyrosine (an iodine-containing food dye) in fruitflavoured breakfast cereals has declined since 1985 (Pennington & Schoen, 1996) . In Switzerland, this food dye is authorized for use only with conserved red cherries.
In Switzerland, iodized salt has been the main source of dietary iodine since the progressive resolution of severe iodine deficiency (ID). Iodization of salt was introduced in 1922 and salt IC was further increased in 1965 , 1980 (Bürgi et al, 1990 Als et al, 1995; Als et al, 2000a, b) . As a consequence, a good correlation between urinary iodine concentration (UIC) and urinary sodium concentration (UNaC) has been found in spot urine samples of adult subjects (Mordasini et al, 1984) . Good correlations have also been found between the concentrations of iodine, sodium and chlorine in 'total diet' samples (seafish excluded) from four restaurants, collected during the same time period, ie in January and February 1983 (Zimmerli et al, 1995) . Approximately 40% of dietary iodine did not originate from iodized salt (at that time 15 ppm iodide), the most probable sources being milk and the 'native' iodine contents of foodstuffs (Zimmerli et al, 1995) . Due to iodization of cattle food and of salt -cubes for licking, as well as the limited use of iodophor sanitizing solution in farms and the dairy industry (legal maximum iodine content in milk (ICM) ¼ 1 mg=l), it appears that cowshed Swiss milk has become an important source of iodine during the last 50 y. Higher iodine contents in winter (cattle in stables) compared with summer milk (cattle at pasture) were observed (Schällibaum, 1991) . Similar data on ICM increases in winter and of seasonal fluctuations of IC in cow's milk have also been described in other countries (Pennington, 1990; Anonymous, 2000; Wenlock et al, 1982; Broadhead et al, 1965; Lamand & Tressol, 1992; Preiss et al, 1997) . In the UK for instance, ICM in winter and summer samples were found to contain 400 and 200 mg I=l, respectively (Langford et al, 2000; Anonymous, 2000) . Logically, seasonal fluctuations of cow's ICM should be reflected in human UIC, provided fresh milk is consumed and thyroidal metabolism is stable. However, this relation has to our knowledge not been demonstrated before.
Recently, ie during the study period considered herein, the average IC of 40 Swiss commercial (cow's) milk samples ( AE standard error of the mean, s.e.m.) from the whole country, and thus representative of the territory, from November 1997 (n ¼ 20), was found to be as high as 175 AE 18 mg=l compared with only 31 AE 1.5 mg=l in June 1997 (n ¼ 20). The corresponding mean winter=summer (w=s) ratio of ICM was 5.6 AE 0.6 and the difference 144 AE 18 mg=l (Haldimann & Zimmerli, 1999) . In contrast to ICM, Na concentrations in Swiss commercial milk samples (n ¼ 50) were found to be independent of the season with an overall average of 16.83 AE 0.13 mmol=l (Sieber et al, 1999) . Average ratios of ICM=NaCM in cow's milk were therefore 10.4 AE 1.1 and 1.84 AE 0.09 mg=mmol during winter and summer seasons, respectively. The corresponding IC=NaC ratios for daily food intakes per capita (after exclusion of milk, milk products and alcoholic beverages; Schlotke & Sieber, 1998) and for salt iodized at 15 ppm iodide are 0.90 and 1.08 mg=mmol, respectively. The seasonally variable ICM and concentration ratio ICM=NaCM should both theoretically be reflected in human urine samples.
However, seasonal fluctuations of IC (UIC) in urine samples from humans, considered individually, have to our knowledge never been longitudinally documented. To fill up this gap, we attempted to demonstrate a relation between ICM and UIC. In the present pilot study, in view of evaluating parameters that might be important for planning future epidemiological investigations on the iodine status of population groups, we longitudinally evaluated UIC and UNaC in a small group of pre-school and school-aged children, as well as in their mothers and fathers. We wondered whether the known seasonal fluctuations of ICM in Swiss cow's milk would cause measurable seasonal fluctuations of UIC in girls, boys and adults and whether potential UIC changes would differ within families. Would a relationship between milk intake and UIC be apparent, assuming that bioavailability of iodine content of foodstuffs would remain unchanged?
Methods

Subjects
We included in the present paper a total of 13 healthy children and nine adults (divided into six families A -F): a group of six pre-school subjects aged 3 -5 y at the beginning of the study in May 1996 (average AE s.e.m., 5.3 AE 0.3 y) and a group of seven school children aged 6 -10 years (9.1 AE 0.6 y) plus, for comparison, five mothers (39 AE 3 y) and four fathers (45 AE 2 y; Table 1 ). The study period was shortened with one adult due to accidental death and with one family due to changed dietary conditions caused by emigration. An informed consent was signed by all participants; parents signed for their children. The present paper is part of an ongoing prospective study, approved by the Ethical Commission of the University of Bern and patronized by the 'Swiss National Foundation for Scientific ). Out of a total of 50 subjects, who volunteered, due to personal interest and principles, to participate in the overall study, only those 22 living in a household with children were considered herein. The rationale for this selection was that children and their parents consume similar Seasonal fluctuations of UIC in milk-drinkers C Als et al (Als et al, 2000a) . Thyroid volumes, controlled by ultrasound at study beginning, were found to be within physiological ranges for age and sex; thyroid function was euthyroid.
Spot urine sampling
During about 2 y, ie between May 1996 and May 1998, all 22 subjects collected a total of 1729 spot urine samples at a rate of 3 -5 samples per person per month, at any time of the day, as convenient. Urines were immediately frozen by the participants at about 7 20 C and transferred in a frozen state every 6 months to the University Hospital of Bern, where they were stored prior to analyses (May to September 1998). It was assumed that concentrations of urinary creatinine did not change during the storage period (Spierto et al, 1997) . Stability of UIC and UNaC were controlled in our laboratory (Haldimann & Zimmerli, 1999) .
Laboratory analyses
Laboratory analyses of iodine in all urine samples were realized in a continuous run-through in the laboratory of the Swiss Federal Office of Public Health. Urinary iodine was measured by inductively coupled plasma mass spectrometry (ICP-MS). ICP-MS allows direct determination of iodine in urine. Application of isotope dilution analysis using I 129 as a spike as well as the instrumental design permit automatic, accurate and reproducible measurements (Haldimann et al, 1998 (Haldimann et al, , 2000 . In order to conform with the international scientific literature on the matter, results were expressed as mg I=l urine and as mg I=g creatinine. Calculation factors from the metric towards the molar SI units are: 1 mg iodine ¼ 7.88 mmol, 1 g creatinine ¼ 8.84 mmol, ie 1 mg iodine=g creatinine ¼ 0.89 nmol iodine=mmol creatinine. Urinary Na and creatinine (Cr) were measured by an ion-selective electrode and by the Jaffé method, respectively, on a Hitachi 917 analyser in the Division of Clinical Chemistry of the University Hospital in Bern. Our ISO-certified laboratory presents the original urinary sodium data as mmol=24 h (normal range for adults 127 -287 mmol=24 h) and the urinary creatinine data as mmol=24 h (range 5400 -22 000 mmol=24 h in men and 5700 -13 500 mmol=24 h in women). In this study, in view of presenting all data issued from the spot urine samples per volume unit, results were expressed as Na=volume (mmol=l) and Cr=volume (g=l). Analytical quality control was realized by including standard samples as well as certified samples in all analytical series.
Data management
The Excel 97 and Systat 9 computer programs were used for processing data. Longitudinal data per individual and per group were handled by medians (non-Gaussian distributions) or arithmetic means (Gaussian) and graphical representation. For quantitation of seasonal effects ('interseasons'), we arbitrarily defined winter and summer seasons between 1 December and 28 February (UIC w ) and between 1 July and 30 September (UIC s ), respectively. Seasonal fluctuations were also evaluated by visual inspection of graphs of all UIC and UNaC data against time. Significance was evaluated by using the t-test (P 0.05). The contributions of iodized salt, milk and foodstuffs to total iodine intake were estimated by modelling.
Diet and milk intake Our prospective study was originally intended to monitor iodine supply before and after the increase of salt iodide concentration from 15 to 20 ppm iodide, which took place in Switzerland in September 1998, ie after termination of the study period dealt with in this paper. All subjects continued their usual dietary habits; none was on any special medical or vegetarian diet nor took medicines on a chronic basis. Because of the long-term study design and the need for subject compliance, no instructions on qualitative or quantitative aspects of diet were given. The main meals were breakfast, lunch and supper; some children also took small meals in-between. Except for milk intake, no further information concerning individual dietary habits was collected.
Throughout this study, the term 'milk' stands for the sum of all consumed milk products, except hard cheese. Consumption of milk products was estimated semiquantitatively by two approaches: by a questionnaire filled out during the study period, covering the one-month-period of 15 May to 14 June 1997 and by a detailed retrospective telephone interview, done after the study period. Parents completed the questionnaire for themselves as for their preschool children and did it together with their school children. Thereafter, average daily 'milk' intake was expressed in litres (Tables 1 and 3 ). During the study period, most subjects consumed all types of milk (pasteurized, skimmed, whole, semi-skimmed and sterilized UHT-milk), although there was a preference for pasteurized fresh milk. Family C drank mainly fresh full milk, family D drank mainly UHT semi-skimmed milk, and other families drank mainly fresh semi-skimmed milk. As opposed to the intake of UHT milk, the production of which may date from several months before, consumption of pasteurized fresh milk provides a dietary ICM corresponding to the actual time of the year and thus is high or low depending on the season. Therefore, a seasonal effect of UIC may be more pronounced when large volumes of fresh milk rather than of UHT milk are consumed. As no subject consumed exclusively fresh or exclusively UHT milk, expression of this phenomenon is expected to be smoothed. The same is the case with consumption of milk powder, an important food ingredient, for instance in chocolate.
Seasonal fluctuations of UIC in milk-drinkers C Als et al As more than 90% of ICM is associated with the water phase, milk products that do not lose water during processing (skimmed milk, curd, yogurt, cottage cheese) show approximately the same IC as fresh or heated milk (UHT, pasteurized). Exceptions are fermented (hard) cheese and milk powder, which show a significantly lower IC than the original fresh milk (Haldimann & Zimmerli, 1999) . As concerns fermented cheese, the original IC of the milk is completely lost into the whey. Therefore, IC is mainly linked to the salting procedure (with iodized salt) and is increased only in the outer layers close to the rind (Sieber, 1998) . However, children consumed little fermented cheese, which should thus not have had an impact on their UIC and UNaC. Hence, if the term 'milk' is used in the following text, it always includes all kinds of milk products which are assumed to show approximately the same IC as the original milk.
Results
Overview Urinary iodine concentrations. Although mainly individual aspects have been analyzed, study of subject groups also appears to be of interest. The individual longitudinal UIC data were not normally distributed, individual variability was high, as shown in Figure 1a and Table 1 . Arithmetic means of the individual longitudinal 2 y medians of UIC per subject group decreased from 144 mg=l (pre-school children) to 130 mg=l (schoolchildren, men) and to 96 mg=l (women; Table 1, Figure 1a) .
Concerning iodine status within a family, no clear relationship between children and their parents was found, although they were living in the same household and having meals together at the same family table. Even with twins (subjects 5 and 6, Table 1), medians of UIC over 2 y differed by about 20%. However, comparing UIC of women and men within families (B, C, E, F), men's median UIC over 2 y was on average 38 AE 3% higher than that of their wives.
Urinary sodium concentrations. In contrast to UIC, UNaC and UCrC were normally distributed (Figure 1b) , and therefore arithmetic means were calculated (Table 1) . Mean UNaC over 2 y of all subjects ranged from 81 to 181 mmol=l with a relative s.e.m. of only 4.2 AE 0.3% on average, indicating only small variations over time. The overall group means (weighted by the number of measurements) were 134 mmol=l (pre-school children), 138 mmol=l (school children), 105 mmol=l (women) and 126 mmol=l (men). Figure 1b illustrates the absent seasonal changes of UNaC in the subject groups.
Daily urinary volumes. Relating the measured individual mean UCrC (Table 1) to published age-related mean creatinine excretion rates of 0.3 g=24 h for pre-school children, of 0.75 g=24 h for school children (Neubert & Remer, 1998) , of 1.17 g=24 h for women and of 1.80 g=24 h for men (Geigy Life Tables, 1977) , we calculated the mean daily urinary volumes per subject group to be 0.40 AE 0.02 l=day (pre-school children), 0.9 AE 0.1 l=day (school children) 1.2 AE 0.1 l=day (women), and 1.3 AE 0.1 l=day (men).
Seasonal fluctuations of UIC
Visual evaluation. Visual analysis of graphs of individual UIC and UNaC against sampling data (30 -98 data pairs) qualitatively demonstrated seasonal fluctuations of UIC (individual examples in Figure 2 ). This was not the case with UNaC. Figure 1 shows that seasonal UIC differs significantly in pre-school children (w=s group average: 1.56) and non significantly in school children (w=s group average 1.24), but does not differ in adults. In the pre-school children's group seasonal effects appear to be related to the amount of 'milk' consumed (Table 1) . This profile is distinctly less evident in the school children's group (except for boys) and not found with adults. Typical individual examples of UIC against time are given in Figure 2 Figure 1 Box plot representation of individual seasonal urinary iodine and sodium concentration (UIC, UNaC) data of winter (UIC w : December to February, bold lines) and summer seasons (UIC s : July to September, thin lines) of the time period 1996 -1998, following subject groups (n ¼ 476 urine samples from six pre-school children; n ¼ 553 samples from seven school children; n ¼ 428 samples from five women (mothers); and n ¼ 272 samples from four men (fathers)). The length of each box shows the range within which the central 50% of the values fall. Within a box, the horizontal line marks the median value. Vertical lines above and below the box cover a range of 1.5 times the length of the box. *Outside values.
Seasonal fluctuations of UIC in milk-drinkers C Als et al (DUIC w=s ) were individually calculated for each seasonal change, resulting theoretically in a maximum of three differences per subject. For further evaluations, only positive and statistically significant differences (P 0.05) were taken into account. Non-significant or even negative values of DUIC w=s were observed in only two interseasons out of a total of 14 in pre-school children, but in as many as 11 out of 19 in school children and in 21 out of 23 in adults.
Subjects showing non-significant or negative DUIC w=s values were no. 1 (pre-school child), and nos 9, 11 and 12 (school children . Individual 'minor-milk-drinkers' (child subjects nos 1, 9, 11, 12) had similar summer and winter UIC data, whereas 'milk-drinkers' had significant w=s differences. For a better estimate of UIC in 'minor-milk-drinkers', their winter and summer data were pooled in view of statistical comparison with collectives of 'milk-drinkers'. With the latter, the overall mean DUIC w=s resulted in 79 AE 7 mg=l for the pre-school children's group (n ¼ 5) and in 60 AE 6 mg=l for the school children's group (n ¼ 4). In 'minor-milk-drinkers', DUIC w=s resulted in 20 mg=l in school-children, women and men (not significant, Table 3 ) and the corresponding overall w=s means of UIC s were 124 AE 7 mg=l in a pre-school child (n ¼ 1) and 121 AE 9 mg=l in school children (n ¼ 3). Thus, by comparison, UIC w of 'milk-drinkers' was about 65% (pre-school children) and 50% (school children) higher than UIC s of 'minor-milk-drinkers'.
Based on mean measured DUIC w=s and assuming mean daily urinary volumes of 0.4 and 0.9 l, a mean daily urinary iodine excretion of 80% of the intake (Jahreis et al, 2001; Follis et al, 1962) and the measured mean difference of ICM w 7 ICM s of 144 AE 18 mg=l (Haldimann & Zimmerli, 1999) , mean milk consumption of the considered children groups could be calculated (Table 3) .
Urinary iodine to sodium ratios
Arithmetic means ( AE s.e.m.) of measured individual UIC=UNaC ratios in summer and winter seasons are given in Table 2 . Overall group means for pre-school children were 0.98 AE 0.06 mg=mmol (all summer seasons, n ¼ 11) and 1.62 AE 0.12 mg=mmol (all winter seasons, n ¼ 9). These two ratios are significantly different (P < 0.001). Comparatively, those for the group of school children, with a mean of 0.94 AE 0.05 mg=mmol (all summer seasons, n ¼ 13) and of 1.16 AE 0.09 mg=mmol (all winter seasons, n ¼ 12) are less significantly different (0.01 < P < 0.05). Overall mean of adults is 1.11 AE 0.08 mg=mmol (no summer-to-winter difference, n ¼ 32). The overall mean UIC=UNaC ratio from all subjects was calculated to be 0.99 AE 0.04 mg=mmol. Seasonal fluctuations of UIC in milk-drinkers C Als et al
Seasonal fluctuations of UIC in milk-drinkers C Als et al
Daily dietary iodine intake
It can be assumed that UIC is proportional to total iodine intake, if moreover bioavailabilities of dietary iodine species are equal: UIC prop (I 0 þ a Á ICM), where a is daily milk consumption (l=day), ICM is given in mg=l, and I 0 represents iodine intake without milk, representing native IC in foodstuffs, also including iodized salt (mg=day). Hence, the ratio of the mean UIC w /UIC s of subject groups may allow an estimate of I 0 of 'milk-drinkers' (Table 3) . Because of statistical variations of the measured parameters, only the group of 'milk-drinkers' had significant values. For the remaining subjects, values are arbitrarily assumed for the mean DUIC w=s as well as for the mean of UIC w /UIC s and 'milk' consumption (lowest detectable differences). I 0 data of 45 mg=day and 129 mg=day resulted for 'milk-drinking' school and pre-school children, respectively (Tables 3 and 4) . Calculated from urinary volumes, DICM w,s (144 mg=l), and assuming an 80% urinary excretion of the mean daily dietary iodine intake (see text). d Group mean calculated from individual mean ratios (Table 2 ). Based on the estimated iodine concentration of the per-capita food intake in Switzerland of 45 mg=2510 kcal (without milk, milk products and alcohol) (Schlotke & Sieber, 1998) and assuming a mean daily energy requirement of 1640 kcal (pre-school children), 1920 kcal (school children), 1940 kcal (women) and 2550 kcal (men) (Anonymous, 2000) . b I Salt ¼ I 0 7 I Food (I 0 see Table 3 ).
c Calculated from I 0 (Table 3 ) and the calculated amount of daily 'milk' consumption (Table 3) for summer and winter seasons. d Calculated from the overall means of UIC s and UIC w (given in Table 3 ) by assuming an excretion rate of 80% in the urine of the daily intake and the urinary volumes given in Table 3 . Seasonal fluctuations of UIC in milk-drinkers C Als et al
Discussion
Overview
The medians of longitudinal individual UIC data from a small number of subjects over 2 y (Table 1) are in acceptable agreement with previous median data obtained in spring 1997 from a larger randomized group of subjects (n ¼ 412) living in the canton of Bern: school children 110 mg=l, women 93 mg=l and men 98 mg=l, as well as with those from school children from other Swiss regions (Solothurn, Zürich and Ticino) sampled in summer 1994 (110 mg=l; Als et al, 2000a; Solcà et al, 1999; Bürgi et al, 1999; Zimmermann et al, 1998) . That men show higher UIC (and UNaC) than women is a commonly observed fact in gender-dependent studies and appears to be among others the result of different dietary habits (Hollowell et al, 1998; Als et al, 1995 Als et al, , 2000a Mordasini et al, 1984; Zimmerli et al, 1995) . Moreover, the estimated values of daily urinary volumes (Table 3) are in an acceptable agreement with published ones (Snyder et al, 1975) .
Seasonal fluctuations of UIC
Based on visual evaluation of the individual UIC data over time, our explanation for seasonal variations of UIC in 'milkdrinkers' is to be found with correspondingly changing ICM of Swiss cow's milk. The quantitation of DUIC w=s illustrates that, with increasing age, the impact of iodine from milk on UIC decreases. The fact that adults in general compared to most of the children did not show significant DUIC w=s values may be explained by their more variable daily diet in which iodine intake by milk is less prominent than by iodized salt. In three other subjects, moreover, significantly different UIC values for the same season in two consecutive years were revealed (subject nos 2 and 17: summer 96 against summer 97; subject no. 16: winter 96 -97 against winter 97 -98; Table 2 ), indicating possibly drastic changes in dietary habits concerning iodine intake. Contribution of iodized salt to the iodine supply of pre-school children is certainly not negligible, even if it does not represent the major part (I 0 in Tables 3 and 4) . As milk intake decreases with age in children, the relative contribution of iodized salt to the daily iodine supply probably increases. The longer the duration of a longitudinal study, the higher the probability of modified dietary habits, at least in children before and after the transition from pre-school (kindergarten) to school, and possibly, later on, to high school.
Whereas concordance between milk consumption by calculation (based on DICM w=s , DUIC w=s , estimated urinary volumes) and by questionnaire was acceptable in the case of 'milk-drinking' school children, calculated milk intake appeared to be 2.5 times lower than that by questionnaire with pre-school children. However, it is common that in subjective estimations such as our rough questionnaire, subjects overestimate consumed amounts (Zimmerli & Knutti, 1985) . In contrast to a presumption in the literature (Langford et al, 2000) , the observed DUIC w=s values moreover rule out the possibility that bioavailability of iodine in summer and winter milk might be much different. As a confirmation, no differences in bioavailability of iodine from diets within different milk and dairy products were found in a study from Jena (Jahreis et al, 2001) .
Urinary iodine to sodium ratios
It is assumed that the ratio of UIC=UNaC is equal to the daily dietary IC=NaC ratio. It follows that subjects with no iodine intake from milk and milk products should hypothetically have a seasonally independent UIC=UNaC ratio of about 1 mg=mmol, corresponding to the estimated per capita intake by Swiss foodstuffs and iodized salt (see Introduction).
On the other hand, subjects theoretically taking their total daily iodine supply exclusively from milk should have a UIC=UNaC ratio of about 2 mg=mmol (during summer) and of 10 mg=mmol during winter (see Introduction). Therefore, a significant deviation of UIC=UNaC from 1 mg=mmol, as was observed for most children during winter, may indicate that a significant portion of dietary iodine is due to milk (Table 2) . Moreover, an alternative, but less probable hypothesis with observed high DUIC w=s might be that some children, who drink a lot of milk during winter, scarcely drink milk at all during summer. In general, we prefer the original assumption that milk intake, especially by children 7 y, may be an important iodine source and that seasonal fluctuations of UIC can be best explained by seasonally changing ICM, which is a reality in Switzerland (Haldimann & Zimmerli, 1999) . As stated above, seasonally changing ICM is also a reality in other countries.
Individual data from subject no. 16 are interesting: a UIC=UNaC ratio distinctly lower than 1 mg=mmol, and a seasonally independent mean ratio of 0.49 AE 0.04 mg=mmol (lowest value in this study) for the 1.5 y period of summer 96 -97, showed a sudden increase in winter 97 -98 to 0.94 AE 0.04 mg=mmol (Table 2) . By re-anamnesis 1 y later, the subject herself could not pinpoint any specific change in her dietary habits at that time. This changed ratio, however, may indicate an absence of milk consumption and=or the predominant use of salt iodized at a level of 7.5 ppm (with a theoretical IC=NaC ratio of 0.45 mg=mmol) up to summer 1997* and a change thereafter. A milk consumption of 0.4 l=day ( Table 1 ), assuming that this amount was also consumed in winter 1997 -1998, would correspond to an iodine intake increased by 70 mg=day during winter compared with summer. This figure differs significantly from the measured DUIC w=s of 122 AE 17 mg=l in winter 1997 -1998 to summer 1997 (equivalent to a milk consumption of about 0.8 l=day). Hence, the difference of about 50 mg of iodine intake after summer 1997 might hypothetically be the result of a customary change to using salt iodized at the *In Switzerland, this type of iodized salt is used for processed foodstuffs in view of commercial export and in sodium glutamate-containing flavouring preparations ('Aromat'), widely used and very popular in households.
Seasonal fluctuations of UIC in milk-drinkers C Als et al 15 ppm level or, less probably, to an increased intake of milk or for instance seafood. Values of UIC=UNaC below 0.90 mg=mmol were relatively rare. Of all the data (n ¼ 75) given in Table 2 , 21 were found below (28%), interestingly, 67% of these low values in the range of 0.41 -0.86 mg=mmol were observed during summer seasons. Concerning this parameter ( ! 2 seasons, be it summer or winter, with UIC=UNaC < 0.90 mg=mmol), striking subjects are nos 2, 9, 12, 13, 16, 17 and 20. These subjects (except no. 2) also showed rather low median UIC (Table 1) of 116 mg=l over the whole study period. Might a seasonallydependent low intake of 'milk', or the use of 'Aromat' instead of iodized salt, especially in summer, be the cause?
Daily dietary iodine intake Assuming unchanged dietary habits of all subject groups over the whole study period and taking into account the calculated iodine supply by milk (Table 3 ) and native foodstuffs in relation to consumed amounts, a rough estimate of the mean daily iodine intakes from different dietary sources can be made (Table 4) . If the calculated total intake is compared with measured seasonal means of UIC (Table 3 , columns 6 and 7) and based on published urinary volumes (Neubert & Remer, 1998; Geigy Life Tables, 1977) and an 80% urinary excretion of the daily iodine intake, an acceptable accordance between modelled and effectively measured data is revealed (Table 4 , columns 5 and 6, compared with columns 7 and 8).
The data in Table 4 show that 'milk-drinking' children (up to the age of about 12) have a daily iodine intake about 50 -75% higher during winter than during summer seasons, whereas for adults the difference amounts to a maximum of 20%. The group of pre-school children has a two times (mean) higher iodine intake during winter than during summer seasons. This ratio decreases from about 1.5 with 'milk-drinking' school children to 1.2 with 'minor-milkdrinking' school children and adults. The data further demonstrate that contribution of iodized salt to the total iodine intake in children up to about 7 y represents only about 30% in summer and about 20% in winter, whereas in adults, the contribution in summer amounts to as much as 70%. As concerns school children, 'milk-drinkers' as well as 'minor-milk-drinkers' take at the average about 60% of their total daily iodine from iodized salt. In this aspect, the school children's group appears to have comparable dietary habits to adults. It is also interesting to note that corresponding values for adults are in an excellent agreement with those obtained by chemical analysis of total diet samples excluding seafood and collected in winter 1983, which revealed a mean iodine portion originating from iodized salt types of about 60% (Zimmerli et al, 1995) . Table 4 also includes a comparison of two approaches between seasonal summer and winter daily iodine intakes: (1) modelled intakes by native foodstuffs, iodized salt and milk; and (2) estimated intakes based on the overall mean UIC w and UIC s , assuming a mean daily urinary excretion rate of iodine of 80% and considering the urinary volumes from Table 3 . The latter approach tends to show higher values. As differences between both estimation procedures range between 2 and 18%, the agreement may, however, be considered acceptable.
Conclusions
The present 2 y longitudinal individual and group data on UIC and UNaC from 1729 spot urine samples clearly demonstrate their great potential by revealing individual dietary habits as well as seasonal effects in individuals and in age groups. The data for the first time experimentally demonstrate seasonal fluctuations of UIC in 'milk-drinking' children, with a modelled qualitative relation to dietary intake data. Contribution of iodized salt to the total daily iodine intake in children below about 10 y was considerably lower than in older children, whose dietary habits appear to be more similar to those of adults. Despite our questionable working hypothesis of stable dietary habits during the study period, seasonal fluctuations of UIC were nevertheless found to be highly significant in children. Therefore, UIC data from children up to age 7 -12 y should be reported separately in epidemiological studies on iodine status of a population. Extrapolations from UIC data of children to those of a general population might lead to completely erroneous conclusions.
Due to the combined efforts of the WHO, UNICEF and ICCIDD, many countries provide iodized salt to their populations, as for instance China, where iodized salt has become mandatory. If in an epidemiologic study on iodine supply of a population, the dietary sources of iodine are questioned, UNaC as a marker is of greater relevance than UCrC. As an increase of salt iodide concentration (from 15 to 20 ppm iodide) took place in Switzerland after the end of the study period dealt with in this paper, comparative evolutions of UIC and UNaC in all age and sex groups before and after this change might provide interesting information on respective contributions of milk and of iodized salt. In designing and interpreting epidemiological studies of UIC, several factors therefore have to be considered. Besides known interfering elements as gender, age, socio-cultural or dietary factors, drug interference, geographical location and, recently, the hour of spot urine sampling (Als et al, 2000b) , the season during which sampling is performed now has to be considered as well, at least in regions of the Northern hemisphere with a temperate climate, where during winter cattle are fed indoors with processed, iodine-enriched feed. A highly probable explanation for the observed fluctuations of UIC in children up to about 10 y is to be found in seasonally fluctuating IC of important dietary iodine sources, ie milk and fresh milk products. Consumption of 'milk' should therefore be promoted, as besides providing vitamins and calcium for skeletal growth in children and maintenance in elderly people, it offers the additional advantage of being an essential source of iodine.
Seasonal fluctuations of UIC in milk-drinkers C Als et al
